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(54) Printing apparatus, method of printing, and recording medium to actualize the printing 
apparatus 



(57) In a printer that allows dual-way printing, dete- 
rioration of the picture quality occurs due to the posi- 
tional misalignment of the dots in the main scanning 
direction that are created in the course of a forward 
movement and a backward movement of a head. An ink 
jet printer (22) of the present invention enabling the 
dual-way printing has a head (28) that can create differ- 
ent types of dots having different diameters. The proce- 
dure of the present invention creates small dots having 
a small diameter in the course of the backward move- 
ment of the head (28), whereas creating medium dots 
having an intermediate diameter in the course of the for- 
ward movement of the head (28). Large dots having a 
large diameter are created by printing the small dots in 
the backward direction of the main scan in an overlap- 
ping manner at the same positions as those of the 
medium dots created in the forward direction of the 
main scan. This arrangement effectively prevents the 
positional misalignment of each type of dots in the main 
scanning direction. The positional misalignment of the 
dots in the main scanning direction significantly affects 
the picture quality in the case of a vertical ruled line 
formed with only the large dots or in the case of a low 
tone area expressed with only the small dots. The 
arrangement of the present invention accordingly 
improves the picture quality. 



Fig. 2 
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Description 

[0001] The present invention relates to a printing 
apparatus that creates dots in the course of a main scan 
both in a forward direction and in a backward direction s 
and thereby records an image on a printing medium, as 
well as to a method of such printing and a recording 
medium to actualize the printing apparatus. 
[0002] Color printers with a head that can spout inks 
of several different colors are widely used as an output 
device of a computer system to print a multi-color image 
that has been processed by a computer. One proposed 
technique for such printers creates dots in the course of 
not only a forward movement but a backward movement 
of a head for the main scan, which moves the head for- 
ward and backward relative to a printing medium. The 
dot creation by this technique is hereinafter referred to 
as the dual -way printing 

[0003] One procedure of the dual -way printing creates 
part of the dots included in one raster line with one noz- 
zle in the course of a forward movement of the head, 
while creating the remaining dots of the raster line with 
another nozzle in the course of a backward movement 
of the head Namely all the dots included in one raster 
line are completed by the forward and backward move- 
ments of the head. This recording method, which 
records one raster line with different nozzles, disperses 
the positional displacement of the dots due to mechani- 
cal errors in the manufacture of nozzles and thereby 
improves the picture quality. 

[0004] Another procedure of the dual -way printing cre- 
ates all the dots included in one raster line in the course 
of a forward movement of the head, while creating all 
the dots included in another raster line in the course of 
a backward movement of the head. Compared with the 
single-way printing, this recording method doubles the 
efficiency of dot creation and thereby enhances the 
printing speed. 

[0005] Another proposed technique for the conven- 
tional printer having only the binary tone expression 
(on-off) for each dot enhances the number of tones 
expressible for each dot. One structure of this technique 
provides two inks of different densities for an identical 
hue (see, for example, JAPANESE PATENT LAID- 
OPEN GAZETTE No. 8-209232). Another structure of 
this technique enables creation of several different 
types of dots having different diameters (see, for exam- 
ple. JAPANESE PATENT LAID-OPEN GAZETTE No. 
59-201864). These procedures enrich the tone expres- 
sion of the printer and improve the picture quality of a 
resulting image. 

[0006] With an improvement in picture quaiity of the 
resulting image output from the printer, it is highly 
demanded to make the high picture quality compatible 
with the high printing speed. In order to fulfill these 
requirements, the inventors of the present invention 
tried to apply the dual-way printing that enhances the 
printing speed for the printer that can create dots of dif- 



ferent diameters. The dual-way printing may, however, 
cause the positions of the dots created in the course of 
a backward movement of the head to be deviated from 
the expected positions based on the positions of the 
dots created in the course of a forward movement of the 
head. This results in undesirable deterioration of the 
picture quality. Such positional misalignment of the dots 
is ascribed to a backlash or play required for the driving 
mechanism of the printer as well as to a difference in 
thickness of paper used as the printing medium. 
[0007] Fig. 1 3 shows a state of causing positional mis- 
alignment of the dots due to a difference in thickness of 
paper. Referring to Fig. 13(a), a dot dtn is created on a 
sheet of paper PA1 in the forward direction of the main 
scan, whereas a dot dtl2 is created in the backward 
direction ol the main scan to be located adjacent to the 
dot dt1 1 . A nozzle Nz jets ink droplets Ik1 1 and Ik12 at 
the positions shown in Fig. 13(a) by taking into account 
the speeds in the forward direction and the backward 
direction of the main scan. These ink droplets Ik1 1 and 
Ik12 draw the loci shown in Fig. 13(a) and reach the tar- 
get positions on the paper PA1 to create the dots dt1 1 
anddt12. 

[0008] Fig. 1 3(b) shows the state of dot creation on a 
sheet of paper PA2 having a greater thickness. The dis- 
tance between the nozzle Nz and the paper PA2 in Fig. 
13(b) is smaller than the distance between the nozzle 
Nz and the paper PA1 in Fig. 13(a). II the ink droplets 
are jetted at the identical timings with those of Fig. 13(a) 
in both the forward direction and the backward direction 
of the main scan, ink droplets Ik21 and Ik22 draw the 
loci shown in Fig. 13(b) and hit the paper PA2 to create 
the dots dt2l and dt22. This causes the dots dt2l and 
dt22 not to be located adjacent to each other and 
thereby does not give a desired image. In order to 
obtain a desired image, it is required to delay the ink jet 
timing in the backward direction of the main scan. Since 
the difference in thickness of paper may cause the posi- 
tional misalignment of the dots in the main scanning 
direction in the case of dual-way printing, it is difficult to 
completely eliminate the possibility of positional mis- 
alignment by the fine regulation at the time of shipment 
of the printer. 

[0009] Fig. 14 shows an example of dot creation by a 
head with a plurality of nozzles in the conventional dual- 
way printing. In the left part of Fig. 14, both the symbols, 
the circle O and * ne square □, with numerals included 
therein denote an identical nozzle array. The circles O 
represent the positions of the respective nozzles in the 
course of a forward movement of the head, whereas the 
squares □ represent the positions of the respective noz- 
zles in the course of a backward movement of the head. 
The numerals are assigned to the respective nozzles 
included in the nozzle array, for convenience of explana- 
tion. Each of the symbols P1 . P2. ... affixed to the nozzle 
array represents the number of times of the main scan. 
After each main scan, a sub-scan is carried out to feed 
the sheet of paper by a fixed amount of 5 raster lines. A 
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desired image is recorded by creating all the dots in 
raster lines by the respective main scans. 
[0010] The right part of Fig. 14 shows dots recorded 
by the scans of the head. This example forms a vertical 
ruled line having the width of 2 dots in the main scan- 
ning direction. The vertical line is generally formed with 
dots of a large diameter (hereinafter referred to as large 
dots), in order to emphasize the contrast with the back- 
ground. The circles O ar| d tne squares □ represent the 
dots created in the course of the forward movement and 
the backward movement of the head, respectively. 
Raster lines formed in the forward direction of the main 
scan and raster lines formed in the backward direction 
of the main scan are arranged alternately. In the exam- 
ple of Fig. 14, the nozzle array includes 13 nozzles and 
the nozzle pitch in the sub-scanning direction is four 
times the recording pitch of the image. 
[0011] As discussed previously with the drawing of 
Fig. 13, in the case of dual-way printing, the positions of 
the dots created in the course of a backward movement 
of the head may be deviated from the positions of the 
dots created in the course of a forward movement of the 
head in the main scanning direction. If the dots created 
in the backward direction of the main scan are displaced 
rightward relative to the dots created in the forward 
direction of the main scan, the resulting image is a ver- 
tical line where the positions of the dots are periodically 
changed by every raster line as shown in Fig. 14. This 
causes the vertical line to be visually recognized as 
envelopes 11 and 12. Namely the resulting image is 
recognized not as a straight line but as a wavy curve. 
The vision of the human is extremely sensitive to such 
positional misalignment, especially in the vertical direc- 
tion. Even the displacement of less than one dot as 
shown in Fig. 14 is recognizable with naked eye. Such 
positional misalignment is thus not negligible to attain 
the high picture quality. 

[0012] Fig. 15 shows the state of dual-way printing 
that creates the dots of the respective raster lines in the 
course of both the forward movement and the backward 
movement of the head to form the vertical ruled line 
shown in Fig. 14. In this example, some of the dots 
included in each raster line are created in the course of 
a forward movement of the head, whereas the remain- 
ing dots are created in the course of a backward move- 
ment of the head (this technique of dual-way printing is 
hereinafter referred to as the singling method). The 
symbols in Fig. 1 5 have the same meanings as those of 
Fig. 14. In this case, each raster line is formed by two 
passes of the main scan in the forward direction and in 
the backward direction. The sub-scan feeds the paper 
by 8 raster lines after the forward movement of the head 
and by 5 raster lines after the backward movement of 
the head. 

[001 3] If the dots created in the backward direction of 
the main scan are displaced rightward relative to the 
dots created in the forward direction of the main scan, 
the resulting image has the width periodically varied by 



every raster line as shown in Fig. 15. This causes the 
vertical line to be visually recognized as envelopes 13 
and 14. Name\y the image is recognized not as a 
straight line of a fixed width but as a wavy curve of a 

5 periodically varying width. 

[0014] Such deterioration of the picture quality is also 
observed in the case where an image is recorded with 
dots of a small diameter (hereinafter referred to as small 
dots). Fig. 16 shows an example where small dots are 

10 homogeneously dispersed in a certain area. Like the 
example of Fig. 15, the dual-way printing of the singling 
method is adopted to record an image in the example of 
Fig. 16. If the dots created in the backward direction of 
the main scan are displaced rightward relative to the 

is dots created in the forward direction of the main scan, 
the dot interval in the main scanning direction is varied 
in each raster line as shown in Fig. 16. The hatched por- 
tions in Fig. 16 have the narrower dot interval and are 
thereby recognized as dark parts. This damages the 

20 homogeneous dispersion of the dots and causes a pat- 
tern of varying density to be recognized visually. The 
image filled with only small dots is often a relatively low 
tone area where unevenness of dots is conspicuous. 
The pattern of varying density due to the unevenness of 

25 dots is thus not negligible in these areas to attain the 
high picture quality. 

[0015] The positional misalignment of the dots in the 
main scanning direction in the case of dual-way printing 
is a known problem. The positional misalignment signif- 

30 icantly lowers the picture quality to the non-allowable 
level in the printer that has excellent tone expression 
and gives an image of high picture quality. The vision of 
human is extremely sensitive to the phenomenon that 
causes a vertical ruled line to be visually recognized as 

35 a wavy curve (see Figs. 1 4 and 1 5) and to the pattern of 
varying density in a low-tone area (see Fig. 16). The 
deterioration of picture quality is therefore particularly 
undesirable in these cases. 

[0016] The object of the present invention is thus to 
40 provide a technique that prevents deterioration of the 
picture quality due to the positional misalignment of the 
dots in the main scanning direction, which are created in 
the course of a forward movement and a backward 
movement of a head, in a printing apparatus enabling 
45 dual-way printing and that allows the high picture quality 
to be compatible with the high-speed printing. 
[001 7] At least part of the above and the other related 
objects is realized by a printing apparatus that carries 
out a main scan, which moves a head forward and back- 
so ward relative to a printing medium, and creates a plural- 
ity of dots on the printing medium according to input 
image data, thereby printing an image. The printing 
apparatus includes: the head that enables creation of at 
least two different types of dots having different densi- 
55 ties per unit area; a storage unit that stores a predeter- 
mined relationship between the at least two different 
types of dots and raster-forming directions of the main 
scan, wherein the raster-forming directions include a 
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forward direction and a backward direction of the main 
scan that respectively correspond to the forward move- 
ment and the backward movement of the head, the pre- 
determined relationship causing each of the raster- 
forming directions of the main scan to be mapped to at 
least one type of dot, wherein there is at least one type 
of dot created only in either one of the forward direction 
and the backward direction of the main scan; a first cre- 
ation unit that drives the head in the forward direction to 
create the type of dot mapped to the forward direction of 
the main scan, based on the predetermined relation- 
ship; and a second creation unit that drives the head in 
the backward direction to create the type of dot mapped 
to the backward direction of the main scan, based on 
the predetermined relationship. 

[0018] In the printing apparatus of the present inven- 
tion, the head can create the at least two different types 
of dots having different densities per unit area, wherein 
the raster-forming direction of the main scan is preset 
for each type of dot. The predetermined relationship 
between the respective types of dots and the raster- 
forming directions of the main scan, which is stored in 
advance, causes each of the forward direction and the 
backward direction of the main scan to be mapped to at 
least one type of dot and ensures the existence of at 
least one type of dot created only in either one of the for- 
ward direction and the backward direction of the main 
scan. 

[0019] The at least two different types of dots having 
different densities per unit area may be dots created 
with inks having different densities with respect to an 
tdent\ca\ hue or dots of different diameters. These two 
arrangements may be combined to vary the density of 
the dots in several stages. 

[0020] The expression that 'the predetermined rela- 
tionship causes each of the forward direction and the 
backward direction of the main scan to be mapped to at 
least one type of dot' does not include the case in which 
all the different types of dots are created only in either 
one of the forward direction and the backward direction 
of the main scan. This is because the object of the 
present invention is to solve the problems in the dual- 
way printing. 

[0021] The expression that 'the predetermined rela- 
tionship ensures the existence of at least one type of dot 
created only in either one of the forward direction and 
the backward direction of the main scan' does not 
include the case in which, if there are three different 
types of dots, A, B. and C, all the types of dots A, B, and 
C are recorded in both the forward direction and the 
backward direction of the main scan. It is required that 
there is at least one type of dot created only in either 
one of the forward direction and the backward direction 
of the main scan. It is accordingly not necessary that 
there are one type of dot created only in the forward 
direction of the main scan and another type of dot cre- 
ated only in the backward direction of the main scan. By 
way of example, the above relationship is satisfied in the 



case where one type of dot A is recorded only in the for- 
ward direction of the main scan while the other types of 
dots B and C are recorded in both the forward direction 
and the backward direction of the main scan. The above 

5 relationship is also satisfied in the case where no type of 
dot is recorded in both the forward direction and the 
backward direction of the main scan, for example, in the 
case where the two types of dots A and B are recorded 
in the forward direction of the main scan while the other 

10 type of dot C is recorded in the backward direction of the 
main scan. 

[0022] The following briefly describes the dots having 
the different densities per unit area. Fig. 17 shows an 
example of using three different types of dots having dif- 

15 ferent densities per unit area (hereinafter referred to as 
the dark dots', 'medium dots', and 'light dots' in a 
descending order of the density) according to the image 
data. In the printing apparatus that creates dots to 
record an image, the tone expression is implemented by 

20 varying the dot recording ratio in a solid area according 
to the input tone value. Referring to Fig. 17, the ratio of 
recording the light dots having the lowest density is var- 
ied according to the tone value in a low tone area. With 
an increase in tone value, the ratio of recording the 

25 medium dots having the higher density is increased to 
realize the tone value, which can not be expressed even 
by the full recording ratio (100%) of the light dots. In an 
area of high tone values, the dark dots having the high- 
est density are mainly recorded to realize the tone 

30 expression. The relationship between the dot recording 
ratio and the tone value shown in Fig. 17 is only illustra- 
tive and not restrictive in any sense. 
[0023] As clearly understood from Fig. 1 7, some tone 
values are implemented by recording only a single type 

35 of dots. The analysis of the cases in which the non- 
allowabie deterioration of the picture quality occurs in 
the dual-way printing has clarified that such deteriora- 
tion of the picture quality is apparent in an image filled 
with only a single type of dots having an identical den- 

40 sity per unit area. These include the cases of Figs. 14 
and 1 5 in which only large dots are used to record a ver- 
tical ruled line and the case of Fig. 16 in which only 
small dots are used to express a low tone area. 
[0024] The present invention takes into account these 

45 aspects discussed above . The printing apparatus of the 
present invention effectively prevents the positional mis- 
alignment of the specific type of dots in the main scan- 
ning direction, which are created only in either the 
forward direction or the backward direction of the main 

so scan, in the process of recording an image. This 
arrangement thereby prevents the non-allowable deteri- 
oration of the picture quality in the dual-way printing. 
This accordingly improves the picture quality in the 
dual-way printing and enables the high picture quality to 

55 be compatible with the high-speed printing. 

[0025] In accordance with one preferable application 
of the printing apparatus, the predetermined relation- 
ship further causes each type of dot to be unequivocally 
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mapped to either one of the forward direction and the 
backward direction of the main scan, as well as causing 
each of the raster-forming directions of the main scan to 
be mapped to at least one type of dot. 
[0026] The printing apparatus of this structure effec- 
tively prevents the positional misalignment of any type 
of dots in the main scanning direction in the process of 
recording an image. This arrangement thus further 
improves the picture quality in the dual-way printing. 
[0027] The expression that 'the predetermined rela- 
tionship causes each type of dot to be unequivocally 
mapped to either one of the forward direction and the 
backward direction of the main scan' means that the 
direction of printing a certain type of dot is determined 
to be either the forward direction or the backward direc- 
tion of the main scan. This does not include the case in 
which, if there are three types of dots A, B, and C. one 
type of dot A is recorded in both the forward direction 
and the backward direction. The one-to-one mapping is, 
however, not essential. The above relationship is satis- 
fied, for example, in the case where the two types of 
dots A and B are recorded in the forward direction of the 
main scan while the other type of dot C is recorded in 
the backward direction of the main scan. 
[0028] In accordance with another preferable applica- 
tion of the printing apparatus, the at least two different 
types of dots may be at least two different types of dots 
having different dot diameters. 

[0029] Since the dots of different diameters are gen- 
erally created by the same head, the dual-way printing 
is significantly advantageous to implement the high- 
speed dot creation. The principle of the present inven- 
tion is thus effectively applicable to this case. 
[0030] In the printing apparatus of this structure, it is 
preferable that the different dot diameters include two 
dot diameters, and the predetermined relationship 
stored in the storage unit causes each of the two dot 
diameters to be one-to-one mapped to the forward 
direction and the backward direction of the main scan. 
[0031] In the printing apparatus of this arrangement, 
the raster-feeding direction of the main scan is one-to- 
one mapped to the type of the dot. This enables either 
one of the different types of dots to be necessarily cre- 
ated in the course of the main scan in any direction. This 
arrangement effectively prevents a significant decrease 
in efficiency of dot creation. The principle of the present 
invention is thus effectively applicable to this case. 
[0032] In accordance with another aspect of the 
present invention, the printing apparatus further 
includes: a third creation unit that drives the head in the 
forward direction to create the at least two different 
types of dots, irrespective of the predetermined relation- 
ship; and a selection unit that causes the first creation 
unit and the second creation unit to create dots with 
respect to a predetermined raster data area of the input 
image data, wherein the predetermined raster data area 
affects picture quality of the printed image, the selection 
unit further causing the third creation unit to create dots 



with respect to a data area other than the predeter- 
mined raster data area. 

[0033] It is especially preferable that the predeter- 
mined raster data area of the input image data causes 

5 continuous lines to be formed in a direction that crosses 
the raster-forming directions of the main scan. 
[0034] As described above, the positional misalign- 
ment of the dots in the main scanning direction signifi- 
cantly affects the picture quality in the specific area 

10 where only a single type of dots are created. The selec- 
tion unit causes the first creation unit and the second 
creation unit to create dots in the specific area, while 
causing all the dots in each raster line to be created by 
one main scan in another area. This arrangement 

is improves the efficiency of dot creation and thereby the 
printing speed. The lines formed in the direction cross- 
ing the main scanning direction may be straight lines or 
curves. In the case of the straight lines, these lines may 
cross the main scanning direction at any arbitrary angle. 

20 [0035] The present invention is also directed to a 
method of creating a plurality of dots on a printing 
medium according to input image data with a head and 
thereby printing an image, the head enabling at least 
two different types of dots having different densities per 

25 unit area to be created in the course of a forward move- 
ment and a backward movement of the head relative to 
the printing medium. The method includes the steps of: 
(a) determining a type of dot to be created in each of 
raster-forming directions of a main scan, based on a 

30 predetermined relationship between the at least two dif- 
ferent types of dots and the raster-forming directions of 
the main scan, wherein the raster-forming directions 
include a forward direction and a backward direction of 
the main scan that respectively correspond to the for- 

35 ward movement and the backward movement of the 
head, the predetermined relationship causing each of 
the raster-forming directions of the main scan to be 
mapped to at least one type of dot, wherein there is at 
least one type of dot created only in either one of the for- 

40 ward direction and the backward direction of the main 
scan; (b) driving the head in the forward direction to cre- 
ate the type of dot mapped to the forward direction of 
the main scan, based on the predetermined relation- 
ship; and (c) driving the head in the backward direction 

45 to create the type of dot mapped to the backward direc- 
tion of the main scan, based on the predetermined rela- 
tionship. 

[0036] In accordance with one preferable application 
of the method, the predetermined relationship further 

so causes each type of dot to be unequivocally mapped to 
either one of the forward direction and the backward 
direction of the main scan, as well as causing each of 
the raster-forming directions of the main scan to be 
mapped to at least one type of dot. 

55 [0037] In accordance with another preferable applica- 
tion of the method, the at least two different types of 
dots may be at least two different types of dots having 
different dot diameters. 
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[0038] This method exerts the same effects as those 
of the printing apparatus discussed above and enables 
an image of a high picture quality to be printed at a high 
speed. 

[0039] In the printing apparatus of the present inven- 
tion discussed above, a computer may carry out the 
control operations of the head for recording the dots 
according to a program. Another application of the 
present invention is accordingly a recording medium for 
recording the program. 

[0040] The present invention is thus directed to a 
recording medium, in which a program for causing a 
printing apparatus to create a plurality of dots on a print- 
ing medium according to input image data and thereby 
print an image is recorded in a computer readable man- 
ner, wherein the plurality of dots include at least two dif- 
ferent types of dots. The program causing a computer to 
carry out the functions of: storing a predetermined rela- 
tionship between the at least two different types of dots 
and raster-forming directions of a main scan, wherein 
the raster-forming directions include a forward direction 
and a backward direction of the main scan, the prede- 
termined relationship causing each of the raster-forming 
directions of the main scan to be mapped to at least one 
type of dot, wherein there is at least one type of dot cre- 
ated only in either one of the forward direction and the 
backward direction of the main scan; and causing the 
printing apparatus to create each type of dot in the 
raster-forming direction of the main scan mapped to the 
type of dot. 

[0041] In accordance with one preferable application 
of the recording medium, the predetermined relation- 
ship further causes each type of dot to be unequivocally 
mapped to either one of the forward direction and the 
backward direction of the main scan, as well as causing 
each of the raster-forming directions of the main scan to 
be mapped to at least one type of dot. 
[0042] The at least two different types of dots may be 
at least two different types of dots having different dot 
diameters. 

[0043] The computer executes the program recorded 
in the recording medium, so as to actualize the printing 
apparatus of the present invention discussed above. 
[0044] Available examples of the recording media 
include flexible disks, CD-ROMs, magneto-optic discs, 
IC cards, ROM cartridges, punched cards, prints with 
barcodes or other codes printed thereon, internal stor- 
age devices (memories like a RAM and a ROM) and 
external storage devices of the computer, and a variety 
of other computer readable media. Still another applica- 
tion is a program supply apparatus that supplies a com- 
puter program, which causes the computer to actualize 
the above functions, to the computer via a communica- 
tions path. 

[0045] These and other objects, features, aspects, 
and advantages of the present invention will become 
more apparent from the following detailed description of 
the preferred embodiment with the accompanying draw- 



ings, in which: 

Fig. 1 shows the structure of an image processing 
system including a printer 22 embodying the 
5 present invention; 

Fig. 2 schematically illustrates the structure of the 
printer 22; 

Fig. 3 schematically illustrates the structure of a 
print head 28 in the printer 22; 
10 Fig. 4 shows the principle of dot creation in the 
printer 22; 

Fig. 5 shows one available nozzle arrangement in 
the printer 22; 

Fig. 6 shows a nozzle arrangement applied for the 

15 printer 22; 

Fig. 7 shows the principle of creating dots of differ- 
ent diameters in the printer 22; 
Fig. 8 shows driving waveforms of the nozzle and 
the state of creating dots in response to the driving 

20 waveforms in the printer 22; 

Fig. 9 illustrates the internal structure of a control 
circuit 40 in the printer 22; 

Fig. 10 is a flowchart showing a dot creation control 
routine executed in this embodiment; 

25 Fig. 1 1 shows a first state, in which dots are created 
by the dual-way printing of this embodiment; 
Fig. 1 2 shows a second state, in which dots are cre- 
ated by the dual-way printing of this embodiment; 
Fig. 13 shows a process of causing positional mis- 

30 alignment of the dots in the main scanning direction 
by the dual-way printing; 

Fig. 1 4 shows a first state, in which dots are created 

by the conventional dual-way printing; 

Fig. 1 5 shows a second state, in which dots are cre- 

35 ated by the conventional dual-way printing; 

Fig. 16 shows a third state, in which dots are cre- 
ated by the conventional dual-way printing; and 
Fig. 17 is a graph showing the recording ratio of the 
dots having different densities per unit area, plotted 

40 against the tone value. 

A. Structure of Apparatus 

[0046] The outline of the printing system is described 
45 with the drawing of Fig. 1 , in order to clarify the functions 
of the printer 22. This printing system includes a per- 
sonal computer 90 and the color printer 22. 
[0047] In the computer 90, an applications program 95 
for generating image information to be printed works 
so under a predetermined operating system. When the 
applications program 95 issues a printing command, a 
printer driver 96 incorporated in the operating system 
receives the image information from the applications 
program 95. converts the image information into print 
55 data printable by the printer 22, and outputs the print 
data to the printer 22. According to a concrete proce- 
dure, the printer driver 96 carries out color correction to 
convert the R, G, and B color components of the image 
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information supplied from the applications program 95 
into ink colors C, M, Y, and K used by the printer 22. The 
printer driver 96 also performs halftone processing to 
express the tone by the dispersibility of dots. The printer 
22 can create three different types of dots having differ- 5 
ent diameters as discussed below. This enables four- 
value tone expression including non -creation of dots 
with respect to each pixel. The printer driver 96 sets the 
on-off state of the three different types of dots with 
respect to each pixel by the halftone processing. 70 
[0048] In the printer 22, the print data from the printer 
driver 96 is input into an input unit 100 and stored in a 
buffer 1 0 1 . A control unit 1 02 of the printer 22 reads the 
print data from the buffer 101 and controls a main scan- 
ning unit 103 to form raster lines. In this embodiment, 15 
the raster-forming directions of the main scan are preset 
for the respective types of dots and stored in a raster- 
forming direction table 104. The control unit 102 refers 
to the raster-forming direction table 104 and specifies 
the dots to be created corresponding to each raster- 20 
forming direction of the main scan. The control unit 102 
also controls a sub-scanning unit 105 to implement sub- 
scans. 

[0049] The schematic structure of the printer 22 is 
described with the drawing of Fig. 2. As illustrated in 25 
Fig. 2, the printer 22 has a mechanism for causing a 
sheet feed motor 23 to feed a sheet of paper P, a mech- 
anism for causing a carriage motor 24 to reciprocate a 
carriage 31 in an axial direction of a platen 26, a mech- 
anism for driving a print head 28 mounted on the car- 30 
riage 31 to control spout of ink and creation of dots, and 
a control circuit 40 that controls transmission of signals 
to and from the sheet feed motor 23, the carriage motor 
24, the print head 28, and a control panel 32. 
[0050] A black ink cartridge 71 for black ink (Bk) and 35 
a color ink cartridge 72, in which five color inks, that is, 
cyan (C), light cyan (LC), magenta (M), light magenta 
(LM), and yellow (Y), are accommodated, may be 
mounted on the carriage 31 of the printer 22. Both the 
higher-density ink (dark ink) and the lower-density ink 40 
(light ink) are provided for the two colors, cyan and 
magenta. A total of six ink spout heads 61 through 66 
are formed on the print head 28 that is disposed in the 
lower portion of the carriage 31 , and ink supply conduits 
67 (see Fig. 3) are formed in the bottom portion of the 45 
carriage 31 for leading supplies of inks from ink tanks to 
the respective ink spout heads 61 through 66. When the 
black ink cartridge 71 and the color ink cartridge 72 are 
attached downward to the carriage 31, the ink supply 
conduits 67 are inserted into connection apertures (not 50 
shown) formed in the respective cartridges. This ena- 
bles supplies of inks to be fed from the respective ink 
cartridges to the ink spout heads 61 through 66. 
[0051 ] The following briefly describes the mechanism 
of spouting ink. Fig. 3 schematically illustrates the inter- 55 
nal structure of the print head 28. When the ink car- 
tridges 71 and 72 are attached to the carriage 31, 
supplies of inks in the ink cartridges 71 and 72 are 



sucked out through the ink supply conduits 67 and are 
led to the ink spout heads 61 through 66 formed in the 
print head 28 arranged in the lower portion of the car- 
riage 31 . In the case where the ink cartridges 71 and 72 
are attached to the carriage 31 for the first time, an 
exclusive pump works to suck first supplies of inks into 
the respective ink spout heads 61 through 66. In this 
embodiment, structures of the pump for suction and a 
cap for covering the print head 28 during the suction are 
not illustrated nor described specifically. 
[0052] An array of forty-eight nozzles Nz (see Fig. 6) 
is formed in each of the ink spout heads 61 through 66 
as discussed later. A piezoelectric element PE, which is 
one of electrically distorting elements and has an excel- 
lent response, is arranged for each nozzle Nz. Fig. 4 
illustrates a configuration of the piezoelectric element 
PE and the nozzle Nz. As shown in the upper drawing of 
Fig. 4, the piezoelectric element PE is disposed at a 
position that comes into contact with an ink conduit 68 
for leading ink to the nozzle Nz. As is known, the piezo- 
electric element PE has a crystal structure that is sub- 
jected to mechanical stress due to application of a 
voltage and thereby carries out extremely high-speed 
conversion of electrical energy to mechanical energy. In 
this embodiment, application of a voltage between elec- 
trodes on either ends of the piezoelectric element PE for 
a predetermined time period causes the piezoelectric 
element PE to extend for the predetermined time period 
and deform one side wall of the ink conduit 68 as shown 
in the lower drawing of Fig. 4. The volume of the ink con- 
duit 68 is reduced with the extension of the piezoelectric 
element PE, and a certain amount of ink corresponding 
to the reduced volume is sprayed as an ink particle Ip 
from the end of the nozzle Nz at a high speed. The ink 
particles Ip soak into the sheet of paper P set on the 
platen 26, so as to implement printing. 
[0053] The mechanism for feeding the sheet of paper 
P has a gear train (not shown) that transmits the rotation 
of the sheet feed motor 23 to the platen 26 as well as to 
a sheet feed roller (not shown). The mechanism for 
reciprocating the carriage 31 includes a sliding shaft 34 
that is arranged in parallel to the axis of the platen 26 
and slidabiy supports the carriage 31 , an endless drive 
belt 36 that is spanned between the carriage motor 24 
and a pulley 38, and a position sensor 39 that detects 
the position of the origin of the carriage 31 . 
[0054] Figs. 5 and 6 show available arrangements of 
the ink jet nozzles Nz on the ink spout heads 61 through 
66. The printer 22 of this embodiment can create dots of 
three different diameters, that is, a large diameter, an 
intermediate diameter, and a small diameter, with 
respect to each color. One possible procedure for creat- 
ing dots of different diameters provides nozzles of differ- 
ent diameters for each color as shown in Fig. 5. The 
structure of this embodiment, however, uses nozzles of 
an identical diameter as shown in Fig. 6 and creates 
dots of different diameters by the control procedure 
described Jater. The nozzle arrangement of the embod- 
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imerrt includes six nozzle arrays, wherein each nozzle 
array spouts ink of each color and includes forty-eight 
nozzles Nz arranged in zigzag at a fixed nozzle pitch k. 
In this embodiment, the nozzle pitch is four times the 
recording pitch of an image in a sub-scanning direction. 5 
The positions of the corresponding nozzles in the sub- 
scanning direction are identical in the respective nozzle 
arrays. The forty-eight nozzles Nz included in each noz- 
zle array may be arranged in alignment instead of in zig- 
zag. The zigzag arrangement shown in Fig. 6, however, 
allows a small value to be set to the nozzle pitch k in the 
manufacturing process. 

[0055] The following describes the principle of creat- 
ing three different types of dots having different diame- 
ters with the nozzles of a fixed diameter. Fig. 7 shows 
the relationship between the driving waveform of the 
nozzle Nz and the size of the ink particle Ip spouted 
from the nozzle Nz. The driving waveform shown by the 
broken line in Fig. 7 is used to create standard-sized 
dots. Application of a low voltage to the piezoelectric 
element PE in a division 62 deforms the piezoelectric 
element PE in the direction of increasing the cross sec- 
tion of the ink conduit 68, contrary to the case of Fig. 4. 
As shown in a state A of Fig. 7, an ink interface Me. 
which is generally referred to as meniscus, is thus 
slightly concaved inward the nozzle Nz. When the driv- 
ing waveform shown by the solid line in Fig. 7 is used to 
abruptly lower the voltage in the division d2, on the 
other hand, the meniscus is more significantly concaved 
inward as shown in a state 'a', compared with the state 
A. A subsequent increase in voltage applied to the pie- 
zoelectric element PE in a division d3 causes the ink to 
be spouted, based on the principle described previously 
with the drawing of Fig. 4. As shown in states Band C, a 
large ink droplet is spouted when the meniscus is only 
slightly concaved inward (state A). As shown in states 
'b' and 'c\ on the other hand, a small ink droplet is 
spouted when the meniscus is significantly concaved 
inward (state a). 

[0056] As discussed above, the dot diameter can be 
varied according to the rate of change in the divisions 
d1 and d2 where the driving voltage decreases. This 
embodiment provides two different driving waveforms, 
that is, one for creating dots of a small diameter (herein- 
after referred to as small dots) and the other for creating 
dots of an intermediate diameter (hereinafter referred to 
as medium dots), based on the relationship between the 
driving waveform and the dot diameter. Fig. 8 shows 
driving waveforms used in this embodiment. A driving 
waveform W1 is used to create the small dots, whereas 
a driving waveform W2 is used to create the medium 
dots. These two driving waveforms enable two different 
types of dots, that is. the small dot and the medium dot, 
to be created with the nozzle Nz of an identical diame- 
ter. 

[0057] Dots of a large diameter (hereinafter referred to 
as large dots) are created by using both the driving 
waveforms W1 and W2 shown in Fig. 8. The lower part 



of Fig. 8 shows the process of hitting an ink droplet IPs 
for the small dot and an ink droplet IPm for the medium 
dot spouted from the nozzle against the sheet of paper 
P. When both the small dot and the medium dot are cre- 
ated with the driving waveforms of Fig. 8, the ink droplet 
IPm for the medium dot has a higher jet speed. Namely 
there is a difference in jet speed between these two 
types of ink droplets. In the case where a small ink drop- 
let and a medium ink droplet are spouted in this 
sequence in the course of moving the carriage 31 in a 
main scanning direction, regulation of the scanning 
speed of the carriage 31 and the jet timings of both the 
ink droplets according to the distance between the car- 
riage 31 and the sheet of paper P enables both the ink 
droplets to reach the sheet of paper P at a substantially 
identical timing. In this manner, the embodiment creates 
a large dot having the largest diameter with the two driv- 
ing waveforms of Fig. 8. 

[0058] The following describes the internal structure of 
the control circuit 40 in the printer 22 and the method of 
driving the print head 28 with the plurality of nozzles Nz 
shown in Fig. 6. Fig. 9 illustrates the internal structure of 
the control circuit 40. Referring to Fig. 9, the control cir- 
cuit 40 includes a CPU 41 , a PROM 42, a RAM 43, a PC 
interface 44 that transmits data to and from the compu- 
ter 90, a peripheral input-output unit (PIO) 45 that trans- 
mits signals to and from the sheet feed motor 23, the 
carriage motor 24, and the control panel 32, a timer 46 
that counts the time, and a transfer buffer 47 that out- 
puts ON-OFF signals of dots to the ink spout heads 61 
through 66. These elements and circuits are mutually 
connected via a bus 48. The control circuit 40 further 
includes an oscillator 51 that outputs driving waveforms 
(see Fig. 8) at a predetermined frequency and a distrib- 
utor 55 that distributes the output of the oscillator 51 into 
the ink spout heads 61 through 66 at a specified timing. 
The control circuit 40 receives the dot data processed 
by the computer 90, temporarily registers the processed 
dot data into the RAM 43, and outputs the dot data to 
the transfer buffer 47 at a specific timing. When the data 
specifying the on-off state of the respective nozzles are 
output from the transfer buffer 47 to the distributor 55, 
only the piezoelectric elements PE that receive the ON 
signal from the transfer buffer 47 are driven according to 
the driving waveforms. The nozzles corresponding to 
the piezoelectric elements PE that receive the ON sig- 
nal from the transfer buffer 47 then spout the ink parti- 
cles Ip. 

[0059] The driving waveform W1 for the small dots 
and the driving waveform W2 for the medium dots are 
alternately output as shown in Fig. 8. In order to create 
a small dot with respect to a certain pixel, the process 
sends the ON signal to a corresponding nozzle synchro- 
nously with the driving waveform W1 for the small dots 
and the OFF signal to the nozzle synchronously with the 
driving waveform W2 for the medium dots. In order to 
create a medium dot, on the contrary, the process 
sends the OFF signal to a corresponding nozzle syn- 
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chronously with the driving waveform W1 and the ON 
signal to the nozzle synchronously with the driving 
waveform W2 In order to create a large dot, the process 
sends the ON signal to a corresponding nozzle synchro- 
nously with both the driving waveforms W1 and W2. 
Each nozzle array in the printer 22 of this embodiment 
can thus create the three different types of dots having 
the different diameters in the course of one main scan. 
[0060] Another possible structure provides three oscil- 
lators that respectively output driving waveforms for cre- 
ating the three different types of dots, that is, the large 
dot, the medium dot. and the small dot. The appropriate 
driving waveform is selected according to the diameter 
of the dot to be created ft is not necessary to restrict the 
available dot diameters to the above three types, the 
large, the intermediate, and the small diameters, but a 
greater number of different driving waveforms may be 
adopted to increase the number of different dot diame- 
ters. One possible application uses only two out of the 
above three different dot diameters 
[0061] As shown in Fig 6. the ink spout heads 61 
through 66 are arranged in the moving direction of the 
carriage 31. so that the respective nozzle arrays reach 
a fixed position on the sheet of paper P at different tim- 
ings. The CPU 41 accordingly takes account of the posi- 
tional difference of the corresponding nozzles included 
in the respective ink spout heads 61 through 66 and out- 
puts the ON-OFF signals of dots at required timings via 
the transfer buffer 47, so as to create dots of the respec- 
tive colors. The output of the ON-OFF signals is control- 
led by taking into account the two-column nozzle 
arrangement on each of the ink spout heads 61 through 
66 as shown in Fig. 6. 

[0062] In the printer 22 having the hardware structure 
discussed above, while the sheet feed motor 23 rotates 
the platen 26 and the other related rollers to feed the 
sheet of paper P (hereinafter referred to as sub-scans), 
the carriage motor 24 reciprocates the carriage 31 
(hereinafter referred to as main scans), simultaneously 
with actuation of the piezoelectric elements PE on the 
respective ink spout heads 61 through 66 of the print 
head 28. The printer 22 accordingly sprays the respec- 
tive color inks to create dots and thereby forms a multi- 
color image on the sheet of paper P. 
[0063] In this embodiment, the printer 22 has the head 
that uses the piezoelectric elements PE to spout ink 
(see Fig. 4) as discussed previously. The printer may, 
however, adopt another technique for spouting ink. One 
available structure of the printer supplies electricity to a 
heater installed in an ink conduit and utilizes the bub- 
bles generated in the ink conduit to spout ink. 

B. Recording of Image 

[0064] The following describes a process ol recording 
an image by the printer 22 of this embodiment. The 
description regards a concrete procedure of creating 
dots through the main scans and the sub-scans. Fig. 10 



is a flowchart showing a dot creation control routine for 
controlling main scans and sub-scans executed in this 
embodiment. Fig. 1 1 shows a state of dots created by 
the control procedure. The CPU 41 of the control circuit 
5 40 in the printer 22 shown in Fig. 2 executes the dot cre- 
ation control routine of Fig. 10 to control the main scans 
and sub-scans. 

[0065] The dot creation control routine is described in 
detail with the flowchart of Fig. 10 and the drawing of 

w Fig. 11. Each ink spout head in the printer 22 of the 
embodiment actually has forty-eight nozzles as 
described previously with the drawing of Fig. 6. For the 
clarity and simplicity of explanation, however, the 
number of nozzles is reduced to 13 in the example of 

75 Fig. 11. The nozzle pitch in this example is four raster 
lines, which is identical with the value in the structure of 
the embodiment described above with the drawing of 
Fig. 6. 

[0066] In the left part of Fig. 1 1 , both the symbols, the 

20 circle O and tne square with numerals included 
therein denote an identical nozzle array. The circles Q 
represent the positions of the respective nozzles in the 
course of a forward movement of the head, whereas the 
squares □ represent the positions of the respective noz- 

25 zles in the course of a backward movement of the head. 
The numerals are assigned to the respective nozzles 
included in the nozzle array, for convenience of explana- 
tion. Each of the symbols P1 P2. ... affixed to the nozzle 
array represents the number of times of the main scan. 

30 Each raster line is formed by two passes of the main 
scan in a forward direction and in a backward direction, 
which are respectively implemented by a forward move- 
ment and a backward movement of the head. The sub- 
scan feeds the sheet of paper by 8 raster lines after the 

35 forward movement and by 5 raster lines after the back- 
ward movement. 

[0067] The right part of Fig. 1 1 shows dots recorded 
by the scans of the head. The circles O anCI * ne 
squares □ represent the dots created in the course of 

40 the forward movement and the backward movement of 
the head, respectively. The difference in size of the sym- 
bols denotes the difference in diameter of the dots cre- 
ated. The symbols L1 , L2 affixed to the respective 

raster lines represent the raster numbers allocated to 

45 the raster lines, for convenience of explanation. In the 
example of Fig. 1 1 , the circles O represent the medium 
dots, whereas the squares □ represent the small dots. 
No large dots are created in this example. 
[0068] The procedure of this embodiment presets the 

so relationship between the type of dots and the raster- 
forming direction of the main scan in the case of dual- 
way printing. In this embodiment, the medium dots are 
created in the course of the forward movement of the 
head, whereas the small dots are created in the course 

55 of the backward movement of the head. The settings for 
creating the large dots will be described later. This rela- 
tionship is stored as the raster-forming direction table in 
the PROM 42 of the printer 22. The relationship 
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between the type of dots and the raster-forming direc- 
tion of the main scan may be varied according to the 
printing mode. 

[0069] The dot creation control routine of Fig. 10 is 
described by referring to the illustration of Fig. 1 1 . When 
the program enters the dot creation control routine, the 
CPU 41 first inputs image data at step S100. The image 
data has been subjected to color correction and other 
required image processing operations carried out by the 
printer driver 96 shown in Fig. 2, and specifies which 
size of the dot is to be created for each color with 
respect to each pixel. In this embodiment, the proce- 
dure of step S100 inputs all the data relating to an 
image to be printed. Another possible application suc- 
cessively inputs data while creating the required dots. 
[0070] The CPU 41 then sets the data for creating 
dots in the course of the forward movement of the head 
at step S1 1 0. The procedure of this embodiment carries 
out a sub-scan to cause any pair of adjoining raster 
lines to be formed with different nozzles, in order to can- 
cel the positional displacement of the dots due to 
mechanical errors in the manufacture of nozzles. This 
may cause an area with no adjoining raster line accord- 
ing to the sheet feeding amount in the sub-scan (for 
example, the No. 1 nozzle in the first main scan P1 
shown in Fig. 1 1). In order to prevent such dropout of a 
raster line, the structure of the embodiment creates dots 
with the No 12 and No. 13 nozzles, when the head 
moves forward in the first main scan P1 as shown in Fig. 
1 1 . As discussed previously, in this embodiment, the 
medium dots are created in the course of the forward 
movement of the head, whereas the small dots are cre- 
ated in the course of the backward movement of the 
head. Namely the medium dots are created with these 
nozzles in the first main scan P1. The nozzle pitch cor- 
responds to the 4 raster lines. The CPU 41 accordingly 
selects a series of data representing the positions of the 
medium dots to be created in the main scanning direc- 
tion, out of the data regarding the upper-most raster line 
(that is. the raster line LI in Fig. 11) and the raster line 
that is below the upper-most raster line by four raster 
lines (that is, the raster line L5). which are included in 
the input image data. The selected series of data are 
transmitted to the transfer buffer 47. 
[0071 ] After setting the data for dot creation in the for- 
ward direction, the CPU 41 controls the head to move 
forward (the first main scan PI) and create the medium 
dots with the nozzles No. 12 and No. 13 at step S120. 
The dots created here are the medium dots shown by 
the symbol O i" the raster lines L1 and L5 of Fig. 11. 
[0072] The CPU 41 then carries out a first sub-scan, 
that is. a sub-scan of 8 raster lines, at step S130. This 
embodiment adopts the singling method to form each 
raster line. The sub-scan is thus required to make the 
positions of some nozzles coincide with the positions of 
the raster lines, in which dots have been created in the 
course of the forward movement of the head. This 
embodiment carries out the sub-scan to make the posi- 



tions of the No. 10 and No. 13 nozzles respectively coin- 
cident with the positions of the raster lines L1 and L5. 
[0073] The CPU 41 subsequently sets the data for 
creating dots in the course of the backward movement 

5 of the head at step S140. In a similar manner to that for 
the first main scan P1 discussed above, the concrete 
procedure of step S140 selects a series of data repre- 
senting the positions of the small dots to be created in 
the main scanning direction with respect to the raster 

io lines L1 and L5. In the flowchart of Fig. 10, the data for 
dot creation in the course of the backward movement is 
set after conclusion of the first sub-scan (step S130). 
The processes of steps S130 and S140 may, however, 
be carried out simultaneously. 

is [0074] After setting the data for dot creation in the 
backward direction, the CPU 41 controls the head to 
move backward (the second main scan P2) and create 
the small dots with the nozzles No. 10 through No. 13 at 
step S150. The dots created here are the small dots 

20 shown by the symbol □ in the raster lines L1, L5, L9, 
and L13of Fig. 11. 

[0075] The CPU 41 then carries out a second sub- 
scan, that is, a sub-scan of 5 raster lines, at step S160. 
Since all the required dots have already been created in 

25 the raster lines L1 and L5. this second sub-scan ena- 
bles dots to be created in the adjoining raster lines. Until 
a resulting image is completed at step S170, the pro- 
gram repeats the above procedure. The head moves 
forward to create the medium dots in the main scans of 

30 the odd times, whereas the head moves backward to 
create the small dots in the main scans of the even 
times. This completes a final image. 
[0076] In the example of Fig. 1 1 , the dots created in 
the course of the backward movement of the head are 

35 displaced rightward relative to the dots created in the 
course of the forward movement of the head. The dot 
intervals xl. x2, and x3 in the main scanning direction, 
which are originally supposed to be identical, are actu- 
ally different because of such rightward displacement 

40 as clearly seen from Fig. 1 1 . The interval xl of the dots 
created in the course of the forward movement of the 
head is, however, identical with the interval x3 of the 
dots created in the course of the backward movement of 
the head. 

45 [0077] In this printer, the raster-forming direction of the 
main scan is unequivocally set for each type of the dots, 
so that there is no positional misalignment in the main 
scanning direction with respect to each type of the dots. 
As described previously, the positional misalignment of 

so the dots in the main scanning direction significantly 
affects the picture quality in the specific area that is filled 
with a single type of dots. The printer 22 of this embod- 
iment effectively prevents the positional misalignment in 
the main scanning direction with respect to each type of 

55 the dots, thereby remarkably improving the picture qual- 
ity. For example, in the case where a vertical ruled line 
is formed with only the medium dots, these dots can be 
created without any positional misalignment in the main 
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scanning direction as shown in Fig. 1 1 . This ensures 
formation of a straight line having a strictly fixed width 
and prevents the ruled line from being recognized as a 
wavy curve as shown in either Fig. 14 or Fig. 15. This 
structure also prevents a pattern of varying density as 5 
shown in Fig. 16 in an area filled with only the small 
dots. 

[0078] The large dots can also be created in such a 
manner that prevents the positional misalignment in the 
main scanning direction. The procedure of this embodi- 10 
ment creates the large dots by laying the small dots 
upon the medium dots as discussed previously with the 
drawing of Fig. 8. When creation of the large dots is 
required, the procedure records the small dots in the 
course of the backward movement of the head to be laid 15 
upon the medium dots recorded in the course of the for- 
ward movement of the head. There is no positional mis- 
alignment of the medium dots as well as of the small 
dots in the main scanning direction. There is accord- 
ingly no positional misalignment of the large dots, which 20 
are formed by laying the small dots upon the medium 
dots, in the main scanning direction. This embodiment 
does not deal with the large dots as a different type of 
dots having a different density per unit area, but proc- 
esses the large dots as the combination of the medium 25 
dots and the small dots. The procedure of the embodi- 
ment one-to-one maps the medium dots and the small 
dots respectively to the forward movement and the 
backward movement of the head, thereby preventing 
the positional misalignment in the main scanning direc- 30 
tion with respect to each type of the dots. A possible 
modification of this embodiment may create the large 
dots in the course of only the forward movement or the 
backward movement of the head. 

[0079] The printer 22 of this embodiment adopts the 35 
dual-way printing to enhance the printing speed. In the 
case where dots of different diameters coexist in each 
raster line, the typical procedure successively outputs 
the two driving waveforms W1 and W2 shown in Fig. 8 
and creates the two different types of dots by selectively 40 
using these driving waveforms. This arrangement 
decreases the number of dots created per unit time 
(hereinafter referred to as the frequency of dot crea- 
tion). The structure of the embodiment, on the other 
hand, one-to-one maps each type of the dots to a mov- 45 
ing direction of the head for the main scan. This causes 
only the selected driving waveform (Wt or W2), which is 
according to the type of the dots to be created, to be 
successively output for dot creation. This arrangement 
ensures the high frequency of dot creation. The struc- so 
ture of this embodiment forms each raster line by two or 
more passes of the main scan. Compared with the con- 
ventional structure of creating ail the dots in each raster 
line by one pass of the main scan, this structure of the 
embodiment has the lower efficiency of dot creation. 55 
Because of the high frequency of dot creation, however, 
the arrangement of this embodiment improves the 
recording speed of the image as a whole. 



[0080] As described above, the printer 22 of this 
embodiment adopts the dual-way printing to enhance 
the recording speed of an image and one-to-one maps 
each type of the dots to a raster-forming direction of the 
main scan to improve the picture quality of the image. 
[0081 ] In this embodiment, the sheet feeding amount 
of the first sub-scan (step S130) is set to be different 
from the sheet feeding amount of the second sub-scan 
(step S160). These sheet feeding amounts may, how- 
ever, be set arbitrarily, for example, may be equal to 
each other. It is not necessary that the sub-scan is set 
to form the adjoining raster line by different nozzles. 
[0082] As described above, the printer 22 of this 
embodiment- is especially effective in the area filled with 
a single type of dots, but is also effective in the area 
where two or more types of dots coexist. The latter 
example is described with the drawing of Fig. 12. In the 
example of Fig. 12, the printer 22 of this embodiment 
creates the two different types of the dots, that is, the 
medium dots and the small dots, in a uniform manner. 
By way of example, the medium dots and the small dots 
may be recorded checkerwise as shown in Fig. 12, in 
order to form an area of an intermediate tone between 
the solid area of the medium dots and the solid area of 
the small dots. 

[0083] The meanings of the symbols in Fig. 12 and the 
sheet feeding amounts in the sub-scanning direction in 
Fig. 12 are identical with those in the example of Fig. 1 1 . 
In the drawing of Fig. 12, for convenience of explana- 
tion, the symbols N1, N2,... are affixed to the positions 
of the dots in the main scanning direction. In the exam- 
ple of Fig. 12, the first main scan P1 uses the nozzles 
No. 12 and No. 13 and creates the medium dots at the 
positions N1 and N3 in the main scanning direction for 
the raster lines L1 and L5. After the sub-scan of 8 raster 
lines, the second main scan P2 uses the nozzles No. 10 
through No. 13 and creates the small dots at the posi- 
tions N2 and N4 in the main scanning direction. The 
third main scan P3 creates the medium dots at the posi- 
tions N2 and N4 in the main scanning direction to form 
a checkerwise pattern. This procedure is repeated to 
record the dots checkerwise as shown in Fig. 12. 
[0084] As a matter of convenience of explanation, in 
the example of Fig. 12, the positions of the medium dots 
are shown coincident with the positions of the small dots 
in the main scanning direction. In the actual state, how- 
ever, the positions of the small dots are deviated from 
the positions of the medium dots in the main scanning 
direction. This causes a difference in density between 
the medium dot and the small dot and thereby forms a 
pattern of varying density as shown in Fig. 16. In the 
printer 22 of this embodiment, however, there is no posi- 
tional misalignment of the medium dots as well as the 
small dots in the main scanning direction. In the case 
where dots are created checkerwise as shown in Fig. 
12, the dots having the greater density per unit area, 
that is, the medium dots in this example, have the visu- 
ally great effects on the varying density of the image. No 
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positional misalignment of the medium dots in the main 
scanning direction enables the density of the image to 
be homogeneously recognized with naked eye. The 
printer 22 of the embodiment thus improves the picture 
quality in the area where different types of dots coexist. 5 
The similar effects can be attained in the area where 
any two types of dots selected among the large dots, 
the medium dots, and the small dots coexist or in the 
area where all the three different types of dots coexist. 
[0085] In the printer 22 ol the embodiment, the above 
recording technique may be applied for only a specific 
image area. As described above, the positional mis- 
alignment of the dots in the main scanning direction sig- 
nificantly affects the picture quality in the specific area 
filled with only a single type of dots. The control proce- 
dure of the embodiment may thus be adopted for only 
the specific area. In this case, the conventional dual- 
way printing technique that creates all the dots in each 
raster line by one pass of the main scan is applicable for 
the remaining area. This improves the efficiency of dot 
creation in the remaining area and thereby enhances 
the printing speed of a resulting image. Examples of the 
specific area filled with only a single type of dots include 
a vertical ruled line formed with only medium dots or 
large dots and an extremely tow tone area expressed 
with only small dots. These image areas can be identi- 
fied when the printer driver 96 carries out the color cor- 
rection or the halftone processing. 
[0086] In the above embodiment, the CPU 41 included 
in the printer 22 executes the control procedure for cre- 
ating dots. This structure enables the printer driver 96 to 
output the image data of a fixed format, irrespective of 
the method of dot creation and thereby reduces the 
processing load of the computer 90. In accordance with 
another possible structure, the printer driver 96 may set 
the data for dot creation in the dot creation control rou- 
tine discussed above. In this case, the dot data to be 
created in the first main scan, the sheet feeding amount 
of the sub-scan, the dot data to be created in the second 
main scan,..., are successively transferred to the printer 
22. The format of the image data output from the printer 
driver 96 should be varied according to the method of 
dot creation. This structure, however, facilitates a 
change to a later version and enables a new dot record- 
ing method to be implemented without changing the 
PROM 42 and the other related elements of the printer 
22. 

[0087] In the printer of the embodiment, the computer 
carries out the control of the head to record the dots. 
Another application of the embodiment is a recording 
medium, in which a program for actualizing the control 
procedure is recorded. Available examples of the 
recording media include flexible disks, CD-ROMs, mag- 
neto-optic discs. IC cards, ROM cartridges, punched 
cards, prints with barcodes or other codes printed ther- 
eon, internal storage devices (memories like a RAM and 
a ROM) and external storage devices of the computer, 
and a variety of other computer readable media. Still 



another application of the embodiment is a program 
supply apparatus that supplies a computer program, 
which causes the computer to carry out the control pro- 
cedure of the head and record the dots, to the computer 
via a communications path. 

[0088] The present invention is not restricted to the 
above embodiment or its modifications, but there may 
be many other modifications, changes, and alterations 
without departing from the scope of the main character- 
istics of the present invention. The above embodiment 
regards the case in which the respective types of dots 
having different dot diameters are one-to-one mapped 
to the moving directions of the head in the main scan. 
One modification one-to-one maps the respective types 
of dots created by inks of different densities to the mov- 
ing directions of the head in the main scan. The princi- 
ple of the present invention is applicable not only to the 
color printer with multi-color inks but to the monochro- 
matic printer. The mapping relationship is not restricted 
to the one-to-one mapping, as long as the raster-form- 
ing direction of the main scan can be determined une- 
quivocally for each type of dots. For example, in the 
case where dots of a larger diameter and a smaller 
diameter can be created with inks of different densities, 
that is, a higher-density ink and a lower-density ink, 
there are a total of four different types of dots, that is, 
dark large dots, dark small dots, light large dots, and 
light small dots. In this case, the dark large dots and the 
light large dots may be created in the course of the for- 
ward movement of the head, whereas the dark small 
dots and the light small dots are created in the course of 
the backward movement of the head. 
[0089] It should be clearly understood that the above 
embodiment is only illustrative and not restrictive in any 
sense. The scope of the present invention are limited 
only by the terms of the appended claims. 

Claims 

A printing apparatus (22) that carries out a main 
scan, which moves a head (28) forward and back- 
ward relative to a printing medium (P), and creates 
a plurality of dots on said printing medium (P) 
according to input image data, thereby printing an 
image , said printing apparatus (22) comprising: 

said head (28) that enables creation of at least 
two different types of dots having different den- 
sities per unit area; 

a storage unit (104) that stores a predeter- 
mined relationship between the at least two dif- 
ferent types of dots and raster-forming 
directions of the main scan, wherein the raster- 
forming directions include a forward direction 
and a backward direction of the main scan that 
respectively correspond to the forward move- 
ment and the backward movement of said 
head, the predetermined relationship causing 
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each of the raster-forming directions of the 
main scan to be mapped to at least one type of 
dot. wherein there is at least one type of dot 
created only in either one of the forward direc- 
tion and the backward direction of the main 5 
scan; 

a first creation unit that drives said head in the 
forward direction to create the type of dot 
mapped to the forward direction of the main 
scan, based on the predetermined relationship; 10 
and 

a second creation unit that drives said head in 
the backward direction to create the type of dot 
mapped to the backward direction of the main 
scan, based on the predetermined relationship- 15 

A printing apparatus (22) in accordance with claim 
1. wherein the predetermined relationship further 
causes each type of dot to be unequivocally 
mapped to either one of the forward direction and 20 
the backward direction of the main scan, as well as 
causing each of the raster-forming directions of the 
main scan to be mapped to at least one type of dot. 

A printing apparatus (22) in accordance with claim 25 
1 . wherein the at least two different types of dots 
comprise at least two different types of dots having 
different dot diameters. 

A printing apparatus (22) in accordance with claim 30 
3, wherein the different dot diameters include two 
dot diameters, and 

the predetermined relationship stored in said stor- 
age unit causes each of the two dot diameters to be 
one-to-one mapped to the forward direction and the 35 
backward direction of the main scan. 

A printing apparatus (22) in accordance with claim 
1, said printing apparatus further comprising: 

40 

a third creation unit that drives said head in the 
forward direction to create the at least two dif- 
ferent types of dots, irrespective of the prede- 
termined relationship; and 

a selection unit (41 ) that causes said first crea- 45 
tion unit and said second creation unit to create 
dots with respect to a predetermined raster 
data area of the input image data, wherein the 
predetermined raster data area affects picture 
quality of the printed image, said selection unit so 
further causing said third creation unit to create 
dots with respect to a data area other than the 
predetermined raster data area. 

A printing apparatus (22) in accordance with claim 55 
5, wherein the predetermined raster data area of 
the input image data causes continuous lines to be 
formed in a direction that crosses the raster-forming 



directions of the main scan. 

7. A method of creating a plurality of dots on a printing 
medium (P) according to input image data with a 
head (28) and thereby printing an image, said head 
(28) enabling at least two different types of dots 
having different densities per unit area to be cre- 
ated in the course of a forward movement and a 
backward movement of said head (28) relative to 
said printing medium (P), said method comprising 
the steps of: 

(a) determining a type of dot to be created in 
each of raster-forming directions of a main 
scan, based on a predetermined relationship 
between the at least two different types of dots 
and the raster-forming directions of the main 
scan, wherein the raster-forming directions 
include a forward direction and a backward 
direction of the main scan that respectively cor- 
respond to the forward movement and the 
backward movement of said head (28), the pre- 
determined relationship causing each of the 
raster -forming directions of the main scan to be 
mapped to at least one type of dot, wherein 
there is at least one type of dot created only in 
either one of the forward direction and the 
backward direction of the main scan; 

(b) driving said head (28) in the forward direc- 
tion to create the type of dot mapped to the for- 
ward direction of the main scan, based on the 
predetermined relationship; and 

(c) driving said head (28) in the backward 
direction to create the type of dot mapped to 
the backward direction of the main scan, based 
on the predetermined relationship. 

8. A method in accordance with claim 7, wherein the 
predetermined relationship further causes each 
type of dot to be unequivocally mapped to either 
one of the forward direction and the backward 
direction of the main scan, as well as causing each 
of the raster-forming directions of the main scan to 
be mapped to at least one type of dot. 

9. A method in accordance with claim 7, wherein the 
at least two different types of dots comprise at least 
two different types of dots having different dot diam- 
eters. 
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apparatus 



(57) In a printer that allows dual-way printing, dete- 
rioration of the picture quality occurs due to the posi- 
tional misalignment of the dots in the main scanning 
direction that are created in the course of a forward 
movement and a backward movement of a head. An ink 
jet printer (22) of the present invention enabling the 
dual -way printing has a head (28) that can create differ- 
ent types of dots having different diameters. The proce- 
dure of the present invention creates small dots having 
a small diameter in the course of the backward move- 
ment of the head (28), whereas creating medium dots 
having an intermediate diameter in the course of the for- 
ward movement of the head (28). Large dots having a 
large diameter are created by printing the small dots in 
the backward direction of the main scan in an overlap- 
ping manner at the same positions as those of the 
medium dots created in the forward direction of the 
main scan. This arrangement effectively prevents the 
positional misalignment of each type of dots in the main 
scanning direction. The positional misalignment of the 
dots in the main scanning direction significantly affects 
the picture quality in the case of a vertical ruled line 
formed with only the large dots or in the case of a low 
tone area expressed with only the small dots. The 
arrangement of the present invention accordingly 
improves the picture quality. 
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